Abstract-The paper dials with the features of digital robust control system with reduced-order observer design. Optimal control law robust optimization was performed. The result obtained for lateral channel of small unmanned aerial vehicle.
I. INTRODUCTION
In recent years unmanned aerial vehicle (UAV) are used in different fields of human endeavours. Performed tasks require certain control accuracy and the quality. Therefore, the synthesis of an effective control system is an actual task.
Optimal controller synthesis can be performed mostly only for the systems with the full state space vector measurements. Otherwise, the full state space vector has to be restored. For this purpose it is possible to use stochastic optimal observer (Kalman filter). But it twice increases the order of control law [1] , [3] . Therefore advisable to consider an alternative, restore the full vector of the system using a reduced-order observer (Luenberger observer).
A significant influence on such control system quality and efficiency has a selection of reduced order observer eigenvalues. To simplify this procedure, the choice is proposed to carry out for a continuous system. The synthesized observer converted to the discrete form.
Good results can be achieved if the robust optimization of obtained optimal result will be performed.
II. ROBUST CONTROL LAW SYNTHESIS
The continuous optimal reduced order observer is the first step of the control systems synthesis. The next step is to convert it into the discrete form. This is due to the fact that during synthesis it is necessary to determine the eigenvalues of the Luenberger observer. It is difficult, if a digital system is considered. The stability condition of digital system is the location of the eigenvalues in the single radius circle. The stability condition of continuous systems is the location of the eigenvalues in the left half-plane. Therefore it is easier to solve the problem of eigenvalues selection.
The initial data for the reduced order observer synthesis are the state space matrix of the system [1] , [2] , [3] .
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As the number of measurements is less than the number of phase coordinates, it is necessary to define the filter to minimize the error rate x x    . Choose a variable (t) p that is a measure of variables that are not observed  p = C x , where  C is the matrix of variables that must be reconstructed. Then from the relation:
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follows that the full state of the system x is described by the expression
It is convenient to write the previous expression in the following form:
x L y L p The variable p can be found, based on the following differential equation:
In this equation y is the control variable.
To synthesize the reduced order observer without defining derivatives (necessary to obtain additional information), suppose that
The equations (1) and (2) show that q satisfies the differential equation:
The reconstructed system state vector looks like:
The equations (1) and (3) describe the reduced order observer. To convert a continuous observer in discrete assume that 1 ,
where T is a sampling time.
After we restored the state vector, we can synthesize control law (in which it is suggested that the full state vector is known), replacing true state with the restored one.
Regulator uses output stationary feedback
where F is the gain coefficients for every variable of state vector. Meanings of these coefficients for the expression are calculated by the formula:
In the expression (4) P -is a positively defined symmetrical matrix. It is a solution of equation:
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Thus the optimal control law is a combination of reduced order deterministic observer, in which the systems state is restored. And the optimal deterministic controller, that is immediate linear function of restored state vector. This result is knows as the separation principle in implicit form [1] , [3] .
The next stage is the robastization of the obtained control system [2] - [4] .
The last step in the procedure of the robust control system synthesis is a modelling system in Simulink package with all the necessary nonlinear elements belonging to a real system (saturation, dead zone, etc.), and the turbulent wind. Thus, the final conclusion about the control system quality can be done after modelling [2] , [3] .
ІІІ. CASE STUDY
Consider the lateral motion of a small UAV. In accordance to methods, which are described above, structural parametric synthesis of robust control system consists of three stages:
1. Synthesis of the reduced order estimator. 2. Synthesis of the optimal regulator. Robust optimization of obtained optimal result.
3. Closed loop system modelling. On the first stage of the synthesis of the optimal control system, restoring of the full vector of the system state is performed. It was made with help of reduced order estimator.
The object stat space vector is [ ] x p r     :  is the yaw angle;  is the roll angle; p is the roll rate; r is the yaw rate;  is the rate. Synthesis is performed for the series connection of the actuator and the plant. So the resulting system order is 6. Only for variables are measured:
, , , . p r   For robust optimisation tow model was considered: nominal (air speed 250 km/h) and perturbed (air speed 200 km/h).
At first the reduced-order observer was synthesized. It is necessary to find the observer eigenvalues so that they minimize the matrix condition number С [5] . The matrix condition number minimum does not provide optimum quality of the connected with the observer object. Therefore, penalty function and 2 H -norm is includes in the performance index that minimizes. So we provide optimality of the reduced order observer.
The initial vector of reduced-order observer eigenvalues equals The matrix condition number equals 1.08583 . It provides sufficient quality of the state space vector restoration. But such coefficient does not provide the maximum quality of the object connected with the observer. Therefore, the optimization procedure is performed in order to minimize the 2 H -norm, as the performance of the system. The initial data for the optimization procedure are the eigenvalues obtained in the previous step. During the optimization procedure the following eigenvalues of the reduced order observer was obtained: R1=diag(R1); R2=5.
As a result, the gain factor is obtained   Figure. Modelling performed for system with turbulent wind, the standard deviation of the instantaneous velocity is equal to 2.5 m/s. 
